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ƄƳřżƯǀưƾůŚƳŻřǀƶƽŢſƺěƭŹŵƿŚºƳřƺţƶºĩŢſřƵŶƃŢƟŚƾƿ
ŚưţƿƩƺƬſƶŝżŚƷƽƳřƺŴŤſřƾƟƹźƌƛƾƳǈƌºƗƾƳƹŹƺºƳƹƾ
ŶƳŹřŵřŹÎÍŚūŹŵƿżĮƿƩƺƬſƱŵźĩƲŚºƷƽºŝŻřǀŹŵƶºŤƟŹƲ
ŚƋƿƶƘƽƗŚŴƳƾƩƺƬºſŚºƷƽƴŝºǀŵŚƽƳƹŹƺºƳƾºƫƹřǀżĭƲƿƶºƴ
ƯƾŶƃŚŝŶƳřƺţƬƇřƖŝŚƴƯƾřºƿƩƺƬºſƲůřƺºƳŻřŚºƷƾƞºƬŤŴƯ
ſǀŞƈƗƮŤƀƾżĩźƯƽƶĩřŹřŵƽŨĪţǀƫƺƬſźƾºƯŢſřƾŶºƃŚŝ
ƶĩůřƺºƳƪƯŚºƃƾźŤƳƹśŚºſƿºƟźƏƲºƐŝŹǇƺºĪƾůŚƳºǀƶƽ
ĭǀŤƳŵŽƹźǀƲƐŝžĪţŹƺĩŢŚƷƽżºĩźƯƩŚºƳŚĩƹƭŹŚºƸģƽ
ƯƕŚŴƳƾŶƃŚŝƪǀƫŵƶŝřƿƩƺƬſƶĪƴŚƷƽƴŝºǀŵŚƽŞƈºƗƾħŶºƳř
ƸţƹŶƴŤƀƷǀƶƽƳŚƸƳōǀƁƹŹƶŝŻŚŚƷƽưūŚƸţƾƀƳŚŤěƹŵŹřŵǀƪ
ŵƹŶŰƯƽŰƯŹŵŚţŶƳŹřŵǀŨĪţŢƄĩƎºǀěźºǀŶºƴƴĩřŶºſŹźŝƾ
ƀƳŚŤěǀƯźţƪǀưƾƩƺƬſŚƷƽƴŝǀŵŚƽŻřƢŤƄƯŪƫŚŝǇŻřƶºĩºƿƶƽ
ƯŹŵƺŤĩřƾřƿƯŵŚŬƾŰƯŹŵƹŵƺƃǀŚƯŻōƎƿŚºƳřƺţƵŚĮƄƾƿŚºưţƿż
ƩƺƬſƶŝŚƷƽƗŞƈƾŵŹřŵřŹŹŵřƿƶƘƫŚƐƯƲŹřźºƣƶºūƺţŵŹƺƯ
ŢƟźĭƽƹŹźºŝƶƘƫŚƐƯƲƿřƫƺƟǀƺºƯƩƺºĪƽřźŰºƇƁƺºƯƾƿ
ƹŶƃƭŚŬƳřŢƄĩŻřžěƩƺƬſŚƷƽŪƫŚŝƫƺƟǀƺƯƩƺĪƽƁƺƯ
řźŰƇƾƿƹěǀƱōŶƳƺŚƷŚºƋƪŰƯƶŝƿƶƘƽƗŚºŴƳƾƜţƹºǀǀšřź
ŹŚŤƟŹƽƯƹźŤĪƫřƹǀƟřźĭƺƾſŹźŝŵŹƺƯƾŢƟźĭŹřźƣ

ƁƹŹƾſŹźŝ
ŹŵřºƿƶºƘƫŚƐƯƲƽºŝźŬţƾƁƺºƯŻřŚºƷƽřźŰºƇƾƿŵřĦºƳ
ƹƿƱŻƹƶŝźƳŹŚŤƀÎÒÍŚţÏÍÍƵŵŚƠŤºſřƭźĭŶºƃƵƹźºĭŶºƴŝƽ
ůǀŻŭźƃƶŝšŚƳřƺƿŵƺŝź
ƞƫřěƵƹźĭǀŶƳƺƽŹŵŵřŶƘţÎÑźſřźŰºƇƁƺƯƾƿƹºƿŹŚŤƀ
ŚƋƿƶƘƽƗŚŴƳƾŹŚƄƟƕƺƳƽŵŚŬƿřƹŶºƃƩƺƬºſŚºƷƽƴŝºǀŵŚƽ
ƫƺƟǀŹżţƺƯƩƺĪƿƢŶƿŵźĭ
śƵƹźĭƮƃŹŵŵřŶºƘţÒřźŰºƇƁƺºƯźºſƾƿŚºƋƶºĩƿƶƘ
ƗŚŴƳƾŶƳŵƺŝƵŶƃźƟŚŝƎƤƟHBSSŹżţƿŶƃƢ
ƞŬƳŻƹŹƺƳźŤƧŵƵŵřŻƱřŹŚƨưƷƹ 
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ũƩźŤƴĩƵƹźĭřŶƘţÒřźŰºƇƁƺºƯźſƾƿºŝƶƵƹźºĭƱřƺºƴƗ
ƶĩŶƃƶŤƟźĭźƔƳŹŵƩźŤƴĩƯǇǀƯƺŤĪƴƾƹŶƳŵƺŝƵŶƃƷǀĢƶƳƺĭ
ŚƋƿƶƘřƽŹŵƮƷƩƺƬſƹŶƴŤƃřŶƳƿưƳŢƟŚƾŶƳŵźĩ
ŹřŶƸĮƳơŚţřƽřŹřŵƽřźůƹŹƺƳƟŚĩšŹƾŵƺºŝřźºƃƿŹƺºƳƎƽ
ůǀŚƴºƃƹŹŢƗŚſƵŵŻřƹŵšŹƺƇƶŝšŚƳřƺƾƿŢƗŚºſƵŵŻřƹŵƹ
ŹŚţƿĪƾŵƺŝƶūŹŵƽƵŵƹŶºŰƯŹŵơŚţřšŹřźůƽÐÔƶºūŹŵƽ
ŤƳŚſƾŶƃƒƠůŵřźĭƹśōřŸºƛƽƟŚºĩƾřźºŝƽůǀƶºŝšŚºƳřƺ
ŢƃřŵŵƺūƹŵřŻōšŹƺƇ
ƫƺƟƱŵźĩřŶūŢƸūǀůŚƳƹƺƯƩƺĪǀƶƽŪƫŚºŝŶºƘţƁƹŹŻřƿƪ
ƵŶƃƽĩŚŝƺƿƃŚƾŶºƃƵŵŚƠŤºſřƱřŹŚºĪưƷƹÎÎƹÕřŹŵºƿƲ
ƁƹŹřŚŝšŚƳřƺǀůƾƃƺƸǀŝŻřŶƘŝźţůźſƹšŹƺƇǀšŚºƳřƺ
ƩƺƬŰƯƎſƺţÎÎŵŚŤŝƿƀĩřźěƹƲǀƷŶǀƶºſšŶºƯƶºŝƱĥƹŹŶ
ƣŵǀƯƺƄŤƀƃƶƤƾŝƹŶƳƺƃƶƱōƩŚŞƳŵŚƷƺƯƽůŚƳºǀƶƽšŹƺºƇ
ƃřźţǀƵŶƃƵŶƪĪƫřŚŝƹÔÍŶƇŹŵưţǀƳƺƠƗŶƋƹżƾƯƾŵƺºƃ
ƹŚůƶĩǇŚŝŜƫŢƟŚŝƹƽƫƺƟǀƩƺºĪŚºƷƽƺºƯƽŞºſǀƁƺºƯƪ
ŢſřźŝƿƯƵŶƾŵƺƃƶƘƫŚƐƯƲƿřŹŵŜºƫŢƟŚŝƲŤƃřŵźŝŻřŶƘŝ
ŻŹŵǇŚººŝººƿººŰƯƹŵƺººƷźǀźŤººſřƎƿƪƶººƳƺưƳŹŵŚººƷººŰƯǀƎ
DMEM/FÎÏřƿƺƴƿƱĥƹźŤƹŚůƽƴěƾſǀƬǀƲÎÍÍŹŵŶůřƹ
ƯǀºƬƾƫǀźºŤřƿƺºƴƿƱĥƹźŤŚƯƺŤěźŤſřºƿƀǀƲÎÍÍƯǀŹŵƭźºĭƹźĪ
ƯǀƬƾƫǀźºŤřƿƺºƴƿƱĥƹźŤźţƺƠƯōºƿƀǀƲBÒÍƯǀŹŵƭźºĭƹźĪ
ƯǀƬƾƫǀźŤſǀŚưĮŝƶƳšŶƯǀŶºƃƵŵřŵŹřźºƣŢƗŚºſƮŻřžºě
ƺƄŤƀƃƽƶƳƺưƳŚƷŢƟŚŝźƟŚŝšŚƠƀƟŹŵŚºƷƽƝřźºƏřŶºƴŞưƷ
ƫƺƟǀŶƃƶŤƃřŵźŝƩƺĪƶĪţƶŝƶƳƺưƳŚƷƽƀºƤţĨģƺĩǀƹŶºƃƮ
ŻŚƳĥǈĩƩƺƬŰƯŹŵŵƿŻŚĜƀÎƯǀƬƾƯŹŵƭźĭǀƬƾƫǀźŤſǀŚưĮƹ
šŹřźůƶūŹŵŹŵÐÔƶūŹŵƾŤƳŚſƽŵřźĭŝƶºƳšŶƯǀŢƗŚºſƮ
ŶƳŶƃƶŝƺĪƳřƳŻřŶƘŝǀŢƗŚſƮƫƺƟǀƩƺĪŚƷƽºſƹƶºŝƺƯǀƶƬƽ
źƓžƴěƿŝŜƫŢƟŚŝŻřƞǀƄĩƱƹźǀƶŝƹŶƃƵŶƬěǀŢŚºƷƽÐÒ
ƾƬǀƯźŤƯƹŶƳŶƃƪƤŤƴƯřŻřžěƿƁźŝŵŚŬŚƷƽƋźƗƾƹǇŚŝŻř
ŚěǀƿůŚƳƲǀƶƽŪƫŚŝţŻřƵŵŚƠŤſřŚŝǀŝƚǀŹƺŤƀƽůŚƳĨģƺĩºǀƶƽ
ŪƫŚŝƝřźƏřƱĥǈĩƩƺƀĜĩƲŤƃřŵźŝŻřŶƘŝŶƃřŶūƱōźƟŚºŝŚŝ
ŶººƃƵŵřŵƺƄººŤƀƃšŚƠƀººƟƵƵŵŚººƯōƽŵźĭŢƄººĩº ºƿŶ 
řźŝƽƩƺƬſŢƄĩŚƷƽůŚƳǀƶƽŪƫŚŝřƿƏƪůřźƯƲƾŶºƃÎÏ
ůŚƳº ººǀƶƽŚº ººŝŪƫŹŵƵŶºººƃřŶūƩƺºººƬŰƯÍÎÍŶºººƇŹŵ
ţřǀƪŵƽºƯōǀƲřźºŤţºſřǀŤǀºſřĨǀŶ(EDTA)ƹÎÏÒÍŶºƇŹŵ
źţƿƀĜǀƲĭǀƺĪŞšŶºƯƶŝÐÍƣŵǀŚºƯŵŹŵƹƶºƤƽÐÔƶºūŹŵƽ
ƾŤƳŚſŵřźºĭŶºƃƶºŝƺĪƳřƩƺƬºſŚºƷƽŢƗźºſŚºŝƵŶºƃřŶºū
rpmÎÏÍÍººŝƶƣŵƵŵšŶººƯǀźŤƳŚººſƶººƤƿŻřŶººƘŝƹŶƳŶººƃĥƺƠ
ŻŚſřŶūƽƩƺƬſƬěŹŵŚƷǀŢřƾƿƶĩƕƺºƳƱĥǈºĩŚºŝǈŞƣºƿĨ
ººƃƺěǀŵƺººŝƵŶººƃƵŶŹƿŶƳŶººƃƶººŤŴƩƺƬººſººŰƯŹŵŚººƷǀƎ
DMEM/FÎÏƹŚůƽƩřƯŚţƺƬĭǀƲÐÑƯǀƬƾƩƺºƯºƳŵōǀƲ
ÎÐÒÍƯǀºƬƾƩƺºƯƫƺƀºƳřǀƲÒƯǀƯŹŵƭźºĭƹźĪǀºƬƾƫǀźºŤ
ƀĩƺţřźƬĩǀƲſǀŚưĮÎÍ-ÖƷǀţŹƺĩƹŹŶǀƱƹżÒÍƯǀƬƾŹŵƭźĭ
ƯǀºƬƾƫǀźºŤěřŶºƃŹŹƺŤĩŚºƟºǀƩŚƯŹŶ(EGF)ÎÍŹŵƭźĭƺƳŚºƳ
ƯǀƬƾƫǀſźŤǀŚưĮƹÎÍŶƇŹŵFBSŶƳŶºƃƵŵřŵŢƄĩÎÎ
ŚƋƩŶƯƿƶƘƽƗŚŴƳƾƭŚºŬƳřƂƳřŹŚºĪưƷƹŚºĩƹŚţƁƹŹƶŝŚƄƯ
ŶƃÎÐƶŝƯŚŤĩŚŝƶƇǈųŹƺƏǀżĭƹƲƿŻǈƿŝƲǀƃƺƸƾƭŚŬƳř
ŶƃƁƺƯŚƷƽřźŰƇƾƿźŤºſřƵŚĮŤºſŵŻřƵŵŚƠŤºſřŚºŝƿžĩŚţƺ
ŝƾºůřźūƖºƣƺƯšřźºƤƟƱƺŤºſŚºţŶƳŶƃƶŤƃřŵƶĮƳŢĩźůƾ
ƯǇǀƯƺŤĪƴƾŶºƳŚưŝŢŝŚŧƹŹŢºſƺěƽţŚºŝšřźºƤƟƱƺŤºſºǀƚ
ŝǀŹƺŤƀƽźŝƿƶºŝƵŶºƃƪƈºŤƯšǈƌºƗƁźŝŻřŶƘŝƹŶƃƵŶ
řŻƿŹŚųƵŶƽƯǇǀŚƴƽƵźƸƯƵŵſǀƶƴřƽŶºƘŝŶºƃƶŤƃřŵźŝƶŤƯŚŝ
ƶƳŻƹƶƯŚƃŢŴſƱŶƃŹŚĪƃōŻřÏÍƯźĭƾšŶƯƶŝÏÍƣŵǀƶƤ
ƹŹƽŹřźºƣŹŚƄºƟŢºŰţřŹƕŚºŴƳŚºţŶƃƶŤƃřŸĭƶƯŚƃŢŴſ
ůřźūšŶƯƩƺƏŹŵŶƷŵƾŚƯŵƽůƱŶºŝºǀŻřƵŵŚƠŤºſřŚºŝƱřƺ
ƶŤƃŹĚƯǇřƽŶƃƶŤƃřŵƶĮƳƭźĭ
ŚƋŻřŶƘŝŻƹŹƵŵƿƶƘƽŴƳƗŚƾěǀƫƺƬſŶƳƺƾŶºƃƭŚŬƳřƪºŰƯ
ŚƋƿěŻřŶºƘŝŶºƃŻŚŝƵŹŚŝƹŵƶƘǀŵřŶºƘţƱŵźºĩŻŚºŤĜÑÍÍÍÍÍ
ƩƺƬſƴŝǀŵŚƽŹŵÎÍƯǀƫƹźĪǀźƟŚºŝźŤHBSSƹŻřƵŵŚƠŤºſřŚºŝ
ưƷĬƳźſǀƱƺŤƬƵŻřŶƳřŚŝƽƱŻƺſÐÍŚƋƪŰƯƶŝƿŹżţƶƘºƿƢ
ŶƃƶŝŹƺƏƽƶĩÒƯǀƫƹźĪǀŚºƋżºĩźƯƶŝźŤƿƹƶƘÒƯǀƫƹźĪǀźºŤ
ŵƿŝƶŝźĮŚěƹǇŚǀƿŚºƋƪŰƯƲƿŹżţƶƘºƿŶºƃƢěŻřŶºƘŝǀŶºƳƺ
ƫƺƬſƾůǀƶŤƃŹĚƯǇšŹƹŚŬƯŹŵšŚƳřƺřƽƹŶƳŶƃƵŵřŵŹřźƣ
ƩƺƬſŶƳƺǀěŻřŶƘŝƽŹŚŤƟŹƹĨǀƟřźĭƺǀƯƹźŤĪƫřšřźǀǀƜţƩƺĪǀƫƺƟƽŵŚǀƴŝƽŚƷ 
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ºůřźūŻřŶºƘŝƾźºƷÔŻƹŹƫƹŻŚƠºſǀŹżţƲºƿŹŚºŝƹŵŶºƃƢ 
ƹŹŻƹŹŹŵƽƶƳŚŨƯƽůǀǈƯŹŚƄƟƱřƺƿưƾŹřŵřƖºƟŵŚţŶƃŵŹřƹ
ĭšŹƺƇǀŵź
ŹŵºţŹŚºŤƟŹŢƀƽ(Basso Beattie Bresnahan) BBB
ƶƴƯřŵƽºŤĩźůƾůºǀƱřƺřŹřŵƽŚºƋƿƗŚºŴƳƶƘƾƶºƬůźƯƹŵŹŵ
ŻŹřƿŝŚƾƯƾƺƃŵŹŵƶƬůźƯƽěǀŢƀţƂŚƴƃōŢƸūƾƿůºǀƱřƺ
ŰƯŚŝƠƶƔƽƟƶĩŹƹŶƯǀŹřŵźŞưƬƽůǀƱřƺšŹƺƇƱōƪųřŵŻřŚƷ
ƯƾĭǀŵźƯƭŚŬƳřƾŵƺƃřŹŵƿůƶƬůźƯƲǀƶŝƱřƺƹŻƹŹƵŵšŶƯ
ŝŻƹŹźƷƶšŶƯƿřŵŢƗŚºſĨºųƶºƔƠŰƯƪƹŶºƯŹƵŵřŵŹřźºƣ
ºƯƾǈƗŚºţŵƺºƃºƿƹŽźŤºſřƮůŽźºţºǀºŝŻřƱřƺǀŵƹźºŝƲ
ƟǀƮƬŹřŵźŝƽżǀƳŝŹƹŵƎſƺţǀƲCanon GÖƯƭŚŬƳřƾŵƺºƃŹŵ
ŢƀţƶƬůźƯůǀŝƱřƺƶšŶƯÑƣŵǀŰƯƪºųřŵƶºƤƠƶºƔƽŹƹŶºƯ
ƵŵřŵŹřźƣƵŶƃƶŝƺƄţŢĩźůƿºƯƢƾŵƺºƃƘºƋƹŽŚºſřźŝǀŢ
ŤĩźůƾƵźưƳƽŚţźƠƇÏÎƯƵŵřŵƾŵƺƃÎÒƹÎÑ. 
ěŻřŶƘŝǀƯƹźŤĪƫřŢŞŧŶƳƺºǀƟřźĭƺƾŶºƃƭŚºŬƳřůǀŚºŝšŚºƳřƺ
ŹżţƿƣŚƠƇƪųřŵƢƾƯŚºŤĩǀƲÕÍƯǀºƬƾĩźºŝƭźºĭǀƺºƬƭźºĭƹ
żĭƿŻǈƿƲÎÍƯǀƬƾĩźŝƭźĭǀƭźĭƺƬŝǀŶƳŶƃƁƺƸřźŝƽƭŚŬƳř
EMGƳŻƺſƾƹŹƽůǀƵŚĮŤºſŵŻřšŚƳřƺEMGƹƪºŝŚţŹƺě
ƳŻƺſŵƹźŤĪƫřƾŶºƃƵŵŚƠŤºſřƅƺƈŴƯřźƟƭŚºŬƳřƖºƣƺƯƿŶºƴ
EMGŹƺƀĪƬƟƵƹźĭšǈƌƗƪųřŵŵƹźŤĪƫřƳŚºŤŰţƭřŶºƳřƾ
ůƱŶŝƹŶƃƵŵřŵŹřźƣǀźƏŻřƱřƺƿƯŻƶŝƭŵƢǀŚºţŶºƃƪƇƹƲ
ƯǀƺƳƱřżƿŶºſźŝƪƣřŶůƶŝżřźŝŚºƴŝƿƲEMGƳŻƺºſƾƪºųřŵ
ƳǈƌƗƾƳřŶƃƭŚŬůǀźƤţšŚºƳřƺƿºŝŚºŞƶšŶºƯÏƣŵǀƹŹƶºƤƽ
ƯƹźŤĪƫřƝŚººƇŮƐººſººǀƟřźĭƺƾƭŚººưţřŻřŶººƘŝƹŶƳŶººƃ
ƯƹźŤĪƫřǀƟřźĭƺƾƱŚƯŻšŶƯŚěźƷŻřÐÍƳŚŧºǀŢºŞŧũřƺºƯřŻřƶ
ƹŹƶĩƵŶƃƽÎÍÍŢƫƹƹźƨǀƯƔƴţǀºſŹźŝŵŹƺºƯŵƺŝƵŶƃƮƾ
ŶƴŤƟźĭŹřźƣÎÓ. 
ƫŚƳōǀŹŚƯōżƽƫŚƳōǀŹŚƯōżƽŹŚƯōƁƹŹŚŝƽANOVAƫŚƳōƹǀż
Bonferroni Post Hoc AnalysisźºƷŹŵƹŶºƃƭŚºŬƳř
ƁƹŹƹŵPŻřźººŤưĩÍÒÍƾººƴƘƯŹřŵŶººƃƶººŤƟźĭźººƔƳŹŵ 

ƶŤƟŚƿŚƷ
ſŹźŝƾŹŚŤƟŹƽŚƋŻřŶƘŝƿŚţƹƶƘǀƿŻřƪºŞƣƩŶºƯŶěǀŶºƳƺ
ŚŤƳƿŹŚŤƟŹŪƽŚƋŻřžěƿƶƘƽƗŚŴƳƾŹŚƄƟƕƺƳƽƶĩŵřŵƱŚƄƳ
ŻřÎÖřźŰƇƁƺƯźſƾƿřŹŵƶĩƿŚƋƂƷƹĦěƲƿƶƘƽƗŚºŴƳƾ
ŹŚƄºƟƕƺºƳƽŹŵřŹƿŶºƳŵƺŝƵŵźºĩŢºƟŚƪĪºƃÎA, B Źŵ
ƶŤƠƷƽřŻřŶƘŝƩƹřƿŚƋŵŚŬƿŚƳřƺţƶƘƾƿŶƴŤƃřŶƳŢĩźů
ŶºƳƺǀěŻřžºěƽŹŚºŤƟŹšřźǀǀƜţºƿěŻřŶºƘŝŻƹŹĨǀŹŵŶºƳƺ
ƵƹźĭŚƷƽěǀŶƳƺƽŝźŬţƾƹƮƃƵŚěƖºƣƺƯŹŵƹŶƳŵƺŝŪƬƟŚƷ
ƵŚěŢĩźůƹŹřŹŚƷƽƯƝŚƇŮƐſƾƄºĩǀŶƳŶřºƿƘºƋƹƲǀŢ
ƯǇƶĩƩźŤƴĩƵƹźĭŹŵǀƯƺŤĪƴƾƮŤƄºƷƶºŤƠƷźųōŚţŶƳŵƺŝƵŶƃ
ƿůƹŵƺŝƱŚƀĪǀƱřƺºŤůřŹƶºŝŶƳŵƺŝŹŵŚƣŚƷƾƹŶºƴƴĩŢºĩźů
ƵźưƳƽBBBƱōƹƪƯŚĩŚƷÏÎŵƺŝºƿĨěŻřŶºƘŝƶºŤƠƷǀŶºƳƺ
ƩƺƬſŚƷƽƴŝǀŵŚƽƫƺƟǀěƵƹźĭƶŝƺƯƩƺĪǀŶƳƺƽƪºưŰţƱŚºĪƯř
ƱŻƹƿƭřŶƳřŹŵƲŤƃřŵźŝƭŚĭŚŚƷƽƠƬųƾŵƿŻŹřƹŶƄºƳƵŶºƿŝŚƾ
ŤĩźůŵźĪƬưƗƾŢƀºţŻřƵŵŚƠŤºſřŚŝBBBƳřŶºƴģšƹŚºƠţƾ
ŝǀƵƹźĭƲƮƃěƹǀŶƳƺƽěƩƺƬſǀƵŶƃŶƳƺƯƹŵřŶƳƱŚƄƳǀƱřż
ŵƺŞƸŝƽƵƹźĭŹŵƮƃěƹǀŶƳƺƽƿƠųšŚĩźůƹŵƺŝƱŚƀĪǀºƠƾ
ƵŚěŹŵƪƇŚƠƯŹŵƶŝŚƷŵƺƳřŻƹƱřŹƅƺƈųƿŶƃƵŶŚěŹŵºƿƱŚ
ƶŤƠƷƽƯƮŤƄƷƹƮŤƠƷǀŵƺŞƸŝƱřżƽŤĩźůŵźĪƬưƗƾƵƹźºĭŹŵ
ěǀŶƳƺƽŵƺºŝźºŤƸŝƮºƃƵƹźĭƶŝŢŞƀƳÍÏÐÍP= řƶºĩºƿƲ
ƯǀřźŝƱřżƽěƵƹźĭǀŶºƳƺƽ ÎÒÓÑ±ÍÐÏ řźºŝƹƽƵƹźºĭƮºƃ 
ÎÏÕ±ÍÑÒŵƺŝ
ŹŚººƯōšŚºƘƫŚƐƯƽƶº ŤƠƷŻřƶººĩŵřŵƱŚƄº ƳƽŚěŚº ţƭƺººſººƿƱŚ 
ƯƮŤƄƷƶŤƠƷǀŵƺºŞƸŝƱřżƽºŤĩźůƾƵƹźºĭŹŵěǀŶºƳƺƽŢŞƀºƳ 
ƵƹźººĭƶººŝƮººƃŶººƃźººŤƸŝƶººŤƠƷƹŵŹŵƽƶººƘƫŚƐƯźººųō 
ƵƹźººĭŹŵěǀŶººƳƺƽĮƴƷŚººưƷƹƱŻƹƪººưŰţƾººŤĩźůƾººŝǀƲ
ƭřŶƳřŚƷƽƺƬūƾƿºŞƤƗƹƾºƏŹŵƾƲŤºƟŹƵřŹºƃźºŤƸŝŵƺºŝƵŶ 
ƫŚººůŹŵƾƵƹźººĭŹŵƶººĩƮººƃŵƺººŞƸŝƽŵźººĪƬưƗººŤĩźůƾ 
ƵƹźººĭŶººůŚººţěǀŶººƳƺƽŵƺººŞƳƫŚººƳōǀŹŚººƯōżƽƵƹźººĭŚººƷƽ 
ƮƃƹěǀŶƳƺƽŻřƵŵŚƠŤºſřŚºŝIndependent T TestƱŚƄºƳ
ƞŬƳŻƹŹƺƳźŤƧŵƵŵřŻƱřŹŚƨưƷƹ 
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ŵƺºŞƸŝƶºĩŵřŵƽƵƹźºĭŹŵźºųōƶºŤƠƷƹŵŹŵěǀŶºƳƺƽŢŞƀºƳ ƶŝƮƃŝƶƴƘƯŹƺƏƾŹřŵƽřżƟřƿƂƿŵƺŝƶŤƟŚŹřŵƺưƳÏƹÎ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ƪĪƃÎƾƯƺŤĪƴǀƯǇƢƿźƏŻřƕŚŴƳƶŝƾſźŤſŵƁƹŹ(A)ƶƬǀſƹƶŝƱřƺǀůƾƯƺŤĪƴǀƯǇŻřŶƘŝƽƶĮƳŢŝŚŧęƺĪſƺŗźŤſřƵŚĮŤſŵ
ŶƃƶŤƃřŵƵƶƬǀƯƹƱŻƹƶŝĨƿŹŚŝƽřÏÍƭźĭƶƫƺƫƪųřŵƽƶƳřƺŤſřŝƽřƶšŶƯÏÍŢſřƶŤƟźĭŹřźƣƶƤǀƣŵ(B)ƵŚĮŤſŵEMGƪŝŚţźě
(C)W=Weight
 
ƿƶŤƟŚƽŚƷEMGŶºƳƺǀěŻřŶƘŝƶŤƠƷŢƄƷƹŶƳƺǀěŻřƪŞƣ
ŚŤƳƿřŪºƿƱřŹŹƺƀºĪƬƟšǈƌºƗŹŵƶºĩŵřŵƱŚƄºƳƶºƘƫŚƐƯƲ 
ƩźººŤƴĩƵƹźººĭEMGƵƹźººĭŹŵƹŶººƃŢººŞŧƪººƯŚĩƮººƃ 
ƜţƶºŤƠƷŢƄºƷŻřŶºƘŝºǀǀřƶºƔůǈƯƪºŝŚƣšřźƽƩƺºƏŹŵ 
ººƫƹŶƄº ƳƵŶƷŚƄººƯƵŶºƃŢººŞŧũřƺº ƯřƾººŝźŬţƵƹźºĭŹŵƾ 
ŵƿŚƷĥŹŚƃžƽƳǇƺƏƾŶƃŢŞŧƵŶºƴƷŵƱŚƄƳƶĩƽŵƺºŞƸŝƽ
ŞƀƳƾřźŰºƇƁƺƯƱřŹŹƺƀĪƬƟƵƹźĭšǈƌƗƾƿºƯƾŶºƃŚŝ
ƪĪƃÏ
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
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ƩƺƬſŶƳƺǀěŻřŶƘŝƽŹŚŤƟŹƹĨǀƟřźĭƺǀƯƹźŤĪƫřšřźǀǀƜţƩƺĪǀƫƺƟƽŵŚǀƴŝƽŚƷ 
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ŹřŵƺưƳÏƯǀŵƺŞƸŝƱřżƽƵƹźĭŹŵŚƷƽŝźŬţƹƮƃƩźŤƴĩƾƏŹŵƾƶŤƠƷŢƄƷƜţƩźŤƴĩƵƹźĭŹŵǀǀţřźƾƶŤƠƷŻřƽƵŶƷŚƄƯƮŤƄƷŚţƩƹř
ƫƹŶƄƳƾŹŵƶŤƠƷƽƜţƮŤƄƷǀǀţřźƾźĪƬưƗŹŵŤĩźůŵƾŹŵƵƹźĭěǀŶƳƺƽƴƘƯƮƃƵƹźĭƶŝŢŞƀƳƶĩŶƃƵŶƷŚƄƯƾŵƺŝŹřŵ 
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ŹřŵƺưƳÐƵźưƳƲǀĮƳŚǀƯƽBBBƶŝƶŤƠƷŢƄƷŻřŶƘŝƶƔůǈƯƪŝŚƣŹƺƏƾŝźŬţƵƹźĭŹŵƽŵƺŞƸŝƱřżǀƯƽř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ƞŬƳŻƹŹƺƳźŤƧŵƵŵřŻƱřŹŚƨưƷƹ 
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ƪĪƃÏƶƳƺưƳƩŚƴĮǀſŻřƽřƽŚƷEMGƱřŹŹƺƀĪƬƟƵƹźĭšǈƌƗŻřƾƳŻƺſŶƃŢŞŧƾƬƯŚĩũřƺƯřŶƳƺǀěŻřŶƘŝƹƪŞƣƩźŤƴĩƵƹźĭŹŵŹŵ
ƵƹźĭƮƃŚŝŶƳƺǀěŻřƪŞƣƵŶƃŢŞŧũřƺƯřřŵƾĩŶƳřšƹŚƠţŶƳƺǀěŻřŶƘŝŢƃƶƔůǈƯƪŝŚƣšƹŚƠţƾŝźŬţƵƹźĭŹŵŚƯřŻřŶƘŝƹƪŞƣũřƺƯřŹŵƽř
ŶƃƵŶƷŚƄƯŶƳƺǀěŵŶƗÎŵŶƗƹŶƳƺǀěŻřƪŞƣÏƾƯƱŚƄƳřŹŶƳƺǀěŻřŶƘŝŶƷŵ RH=Right Hindlimb, LH=Left Hindlimb

ŦŰŝ
ƯŻŹŵǀƳŚº ƯŹŵƩƺƬºſƶº ƴƾƩƺƬºſŚºƷƽƴŝº ǀŵŚƽƿºĪƾŻř
żĭƿƶƴŚƷƽƯśƺƀŰƯƱŚƯŹŵƾƺƃƳŶřƿƩƺƬſƲŨĪţŶƳŹŵŚƣŚƷǀź
ƿƶŤƟŚƵŵŹƶŝŚƷƽƫƺƬſƾƇŚųƾŚưŤƯƿŶƳƺƃżƟźƓǀŚºưţŢƿżƽ
ƩƺƬſŚƷƽƴŝǀŵŚƽƜƫŚŝǀŤƇźƟƲƾřźŝƽƵŵŹƹōƮƷřźƟƱřŶƴưƄƳřŵ
ƱŚĭŹřŚţŢſřŚƷƽºſōǀŵŜºƿƩƺƬºſŻřƵŵŚƠŤºſřŚºŝřŹƵŶŚºƷƽ
ƴŝǀŵŚƽƯźţƚƫŚŝǀŶƴƷŵƮŝƶƹƿŹŵƵĦŝǀŹŚưƽŚƷƽſºǀŞƈºƗƮŤƀƾ
ŝƶƬưūŻřǀŹŚưƽĩŹŚěǀƶŤĪſƱƺƀƴƽżƜƯƽŚƋƹƿƗŚŴƳšŚƘƾ
ƳǀřżƩƺƬſŻŚƷƽƴŝǀŵŚƽƯƵŵŚƠŤſřƾŵƺƃÎÔƤŰţǀųřšŚƤºǀź
ƹŹźŝƽƫƺƟǀřƶĩŢſřƵŵřŵƱŚƄƳƺƯƩƺĪƿƩƺƬſƲƕřƺºƳřƶºŝŚƷ
ƩƺƬſƞƬŤŴƯŚºưŤƯŚƷƿºƯżƾŶƳƺºƃÎÕƹÔřŹŵºƿƶºƘƫŚƐƯƲ
ěǀƩƺƬſŶƳƺŚƷƽƴŝǀŵŚƽƫƺƟŻřƵŶºƃřŶūǀƱŚºƯŹŵŹŵƺºƯƩƺºĪ
ŚƋƿƗŚŴƳƶƘƾŹŚƄƟƽºſŹźŝŵŹƺƯƾŢºƟźĭŹřźºƣ.ŻřƱƺƴĩŚºţ
ŶƴģƿĩƁƹŹƲǀƠƾưĩƹƾſŹźŝŢƸūƾƜţǀǀƫŚƘƟŹŵšřźºǀŢ
Sham-RH2 
Sham-RH1 
Sham-LH1 
Sham-LH1 
Control: before and 
after is same 
Exp-RH2 Exp-RH1 
Exp-LH1 Exp-LH2 
ƩƺƬſŶƳƺǀěŻřŶƘŝƽŹŚŤƟŹƹĨǀƟřźĭƺǀƯƹźŤĪƫřšřźǀǀƜţƩƺĪǀƫƺƟƽŵŚǀƴŝƽŚƷ 
 
ƶƬŬƯƵŹƹŵƱŚŬƳŻƾƳŚƯŹŵƾŤƃřŶƸŝšŚƯŶųƹƾƨƃżěƭƺƬƗƵŚĮƄƳřŵƾƄƷƹĦěƾưƬƗƽƽÏÍƵŹŚưƃƽÕÐŶƴƠſřƹƲưƸŝÖÎ
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ŤĩźůƾŚƋŻřŶƘŝƿƶƘƽƗŚŴƳƾŢºſřƵŶºƃƵŵŚƠŤºſřřŹŵºƿƲ
ƤŰţǀƆųŚƃŚƯƢŚƷƽŤĩźůƾƁƺƯŹŵřŹŚºƷƽřźŰºƇƾƿƶºĩ
ŝƶºƯŢºĩźůƶƳřŵřŻōšŹƺƇƾƁƹŹƹŵŻřƵŵŚƠŤºſřŚºŝŶºƳŵźĩ
ſŹźŝƶƳŚĭřŶūƾŵźĩƿŚŤƳŚţƮƿưĩŪƾƹĩǀƠƾŝƶŝŢſŵºǀŹƹŚƿƮ
ŹŵřƿƲƶƘƫŚƐƯřźºŝƽºƫƹřǀƲŹŚºŝŻřƹŵƁƹŹEMGƹBBB
ŢƸūƘţǀǀƲŵźĪƬưƗºŤĩźůƾůºǀƱřƺƵŵŚƠŤºſřŶºƃŹŵŚěºƿƱŚ
ƶŤƠƷƽƮŤƄƷƯǀřżƱŵƺŞƸŝƽŵźĪƬưƗŤĩźůƾŹŵƵƹźĭěǀŶºƳƺƽ
ŢŞƀƳƶŝƵƹźĭƮƃźŤƸŝŵƺŝÍÏÐÍp=ƶĩřºƿƲƯºǀƱřżřźºŝƽ
ƵƹźĭěǀŶƳƺƽÐÏÍtÓÑÎÒƹřźŝƽƵƹźĭƮƃÑÒÍtÕÎÏŵƺŝ
źºŤƸŝũřƺºƯřƱŚƯżưƷƹƽŹŵEMGŶºƃŢºŞŧƶºƘƫŚƐƯŹŵƽ
ŵƿźĮƽƶĩƵƺƯōƹƂƳřŹŚĪưƷŶƳŵřŵƭŚŬƳřŶºƃƵŵřŵƱŚƄƳƶºĩ
ƩƺƬſŚƷƽƴŝǀŵŚƽƫƺƟǀƩƺĪƺƯƽěǀŶƳƺƵŶºƃƶºŝŜƈºƗŹŵŚºƣ
ŢſřŜƈƗŰƯǀƐƾřŹƯźţǀƮŶƷŵƹŦºƗŚŝƩŚƈºţřƱōŵƺºƃ
ƩƺƬſŚƷƽěǀŶƳƺƽƮºƷŶƴŤƀºƳřƺţƶºŝƩƺƬºſŚºƷƽƱřƺºƃŝºǀƱŚ
ƵŶƴƴĩƽGFAPŶŞţƿƪŶƳƺƃÎÖºƴĤưƷǀƲřºƿƲƢºƤŰƯŹŵ
ƶƘƫŚƐƯƽŵƿźĮƽƱŚƄƳŵřŵƶĩŶƘŝŻřŹżţƿƢƩƺƬſƷŚƽƴŝºǀŵŚƽ
ƁƺƯŹƺſƽƶŝƪŰƯŚƋƿƶƘƽƗŚŴƳƾƕƺƳƶƫĭŶƃƾƱŚƄƳŵřŵ
ƶĩƩƺƬſŚºƷŹŵƪºŰƯŚºƋƿƶƘƶºŝƩƺƬºſŚºƷƽƱřƺºƃŶºŞţƿƪ
ƯƾŶƳƺƃƹŦƗŚŝŵƺŞƸŝƽºŤĩźůƾŞƀºƳƾºƯƾŶƳƺºƃÍÒÍP< 
ÏÎƹÏÍřƶĩƿƲƿƶŤƟŚŚŤƳŚŝŚƷƿĮƴƷŚưƷŚƯŪƾŵŹřŵŚſƿƭƺƬŝźŞ
ƩƺƬſƂƳřŹŚĪưƷƹŚƷƽƫƺƟŻřƢŤƄƯŢſźĩƩřŹƺƳǀřŹƺƯƩƺĪ
ŚºƋƕŚŴƳƶŝƿƶƘƽŵºƿŹżţƁƺºƯƵŶºƿěŻřŶºƘŝŶºƳŵźĩƢǀŶºƳƺ
ƩƺƬſŚƷƽƴŝºǀŵŚƽěřŢºſźĩƩřŹƺºƳºǀƯŹŶƾƁƺºƯƕŚºŴƳƶºŝ
ƩƺƬſƯƵŶƳŻŚƷƾƱƹŹƺƳŚŝƹŶƴƳŚƯŚƷƽƯǀƯƭŚƛŵřƱŚŝżƾƹŶƳƺƃ
řƿƩƺƬſƲŨĪţƹšźūŚƸƯƕŚŴƳŹŵŚƷǀěźǀưƳřŶƾŦºƗŚŝƹŶƴƴĩ
ŵƺŞƸŝƽºŤĩźůŵźºĪƬưƗƾŢƀºţŹŵBBBºƯƾŶƳƺºƃÏÏ
ƴĤưƷǀƫšŚƘƫŚƐƯƲƾƩŚſŹŵƂƳřŹŚĪưƷƹÏÍÎÎŵƱŚƄƳƶĩŵř
ƩƺƬſŚƷƽůŚƳŻřƢŤƄƯǀƶƽƩƺƬſƶŝŢŞƀƳŪƫŚŝŚƷƽŻřƢŤƄºƯ
ůŚƳǀƶƽěŚěǀǈƽŵƺŞƸŝŦƗŚŝƭŹŵƽŝǀźŤƄƽŚºƋƪŰƯŹŵƿƶƘƽ
ƗŚŴƳƾƯƾŵƺƃÏÐřƶĩƿƲƿƶŤƟŚŚºŝŚƷƿƶºŤƟŚŚºƷƽŚºƯřŹŵºƿƲ
ŢſřŹŚĭŻŚſƶƘƫŚƐƯƫŵǀřƪƿƀƯƲŚƯƶƫƾřŶºƳřƺţºƿƶºĩŶºƃŚŝƲ
ƩƺƬſŚƷƽƴŝǀŵŚƽƫƺƟǀƩƺĪƯŹŵƺŤĩřŚƄƴƯƺƯƾƪŰƯŹŵƹŶƳŹřŵ
ŚƋƿƶƘƽƗŚŴƳƾƩƺƬſƶŝŚƷƽƳƹŹƺƳƾŶŞţƿƯƪƾƹŵƺƃƿřŚºƿƲ
ƩƺƬſſōƪŰƯŹŵŚƷǀŚƷŹƺŤĩŚƟŜƾƿƫƺţǀºƯŶƾŦºƗŚŝƶºĩŶºƴĩ
ƳƺƀĩōŵŶŬƯŶƃŹƾƯźţƹǀŞƈƗƮƾºƯƾŶƳƺºƃÏÑƹÎÎŹŵ
EMGŝǀſƲǀƩŚƴĮŚƷƽƫŚƘƟƹƵŶƃŢŞŧǀƳǈƌƗŢƾƍŚºŞţŹř
ƤŤƀƯǀưƾŵŹřŵŵƺūƹºſŹŶºƣƶºģźƷǀƩŚƴĮŚºƷƽƵŶºƃŢºŞŧ
ƳǇƺƏƾƶƴƯřŵŚŝƹƽƫŚƘƟŶƴƃŚŝǇŚŝǀƳǈƌƗŢƾƷŢºſřźŤƸŝƮ
ƿĪƾŵƿźĮŻřŚŤƳƿŪŚƯŢŞŧũřƺƯřEMGŚºŝƕŚºƠţŹřŻºƿŵŚŹŵ
ƵƹźĭěǀŶƳƺƽŢŞƀƳƶŝƵƹźĭƮƃŵƺŝƶĩƱŚƄƳƵŶºƴƷŵƽŵƺºŞƸŝ
ŵźĪƬưƗƳǈƌƗƾŢſřƵƹǈºƗřźºŝƿƲŹŵůºǀƱřƺŚºƷƽƵƹźºĭ
ěǀŶƳƺƽƵźưƳƽBBBŢŞƀƳƶŝƵƹźĭƮƃźºŤƸŝŵƺºŝřºƿƲƹŵ
ŤƳǀƶŬŚţǀƿŶƵŶƴƴĩƽźŧřƩƺƬſŚºƷƽƴŝºǀŵŚƽƫƺƟǀƩƺºĪƺºƯƹŹƽ
ŵƺŞƸŝŚƋƿƶƘƽƗŚŴƳƾŢſřšŚƘƫŚƐƯŻƿŵŚƽƫŚƘƟºǀŢEMG
řŹŹŵšǈƌºƗƭřŶºƳřŚºƷƽƳŚºŤŰţƾƁƺºƯřźŰºƇƾƿºſŹźŝƾ
ƵŵźĩŶƳřŶƴģźƷźƔƴŝƯƾŶſŹšŚƗǈƏřưĩƾƖūřŹƶŝƫŚƘƟºǀŢ
ƳǈƌƗƾŹŵŶƘŝŻřěǀŶƳƺƶŝƪŰƯŚƋƿƶƘƗŚºŴƳƾŵƺºūƹŵŹřŵ
ŢƸūſŹźŝƾŵƺŞƸŝŤĩźůƾŹŵƩŶƯŚºƋƿƶƘƽƗŚºŴƳƾƁƺºƯ
řźŰƇƾƿŻřƤƯǀŽŚƵźưƳƷŵƾBBBƶºŝŹƺºƏƩƺºưƘƯƵŵŚƠŤºſř
ƯƾŵƺƃŝƶźƔƳƯƾŶſŹƶĩƜţǀǀţřźƾƶĩŹŵŢĩźůůǀƱřƺřƿŵŚŬ
ƯƾŵƺƃŚƸƴţŚŝƵŵŚƠŤſřŻřƤƯǀŽŚBBBƪŝŚƣŻŹřºƿŝŚƾƳºǀŢƀ
řźŝŚƴŝƿƲźŤƸŝŢſřŻřƁƹŹŚƷƾƿƶĩƵŻŚūřƽƫŚƳōǀżƆųŚƃŚƷƽ
ƞºƬŤŴƯºŤĩźůƾƱƺºĤưƷƺƈºųƇǀšŚƯƹźŤĪƫřǀƟřźĭƺºǀĨřŹ
ºƯƾŶºƴƷŵƵŵŚƠŤºſřŶƳƺºƃºƬƗƾƮƛźºƫřƵŵŚƠŤºſřƵŵźŤƀºĭŻř
ƁƺƯŚƷƽřźŰƇƾƿŝƶƱřƺƴƗƩŶƯŚƷƽěǀŶºƳƺƽřźºŝƽºſŹźŝƾ
ŵƺŞƸŝƽŵźĪƬưƗŤĩźůƾšŚºƘƫŚƐƯºưĩƾŻřƁƹŹŚºƷƽºưĩƾ
řźŝƽƫŚƳōǀżšǇǈŤųřŤĩźůƾƭŚĮƴƷƵřŹƲŤƟŹƵŵŚƠŤſřƵŵźºĩŶºƳř
ÏÒƳŚĪƯƱƺƴĩŚţǀƣŵƮƀǀƯźţƢǀŚƋƮƿƗŚŴƳšŚƘƾŵƺºŞƸŝƹƽ
ŤĩźůƾƁƺƯŹŵŚƷƽřźŰƇƾƿŢſřƵŶƄƳƆŴƄƯŚƯřƿºĪƾ
ƳŚĪƯŻřǀƮƀŚƷƽƫŚưŤůřƾƱƺƀĩōŵŶŬƯŶƃŹŚƷƽſōǀŵŜƿƹƵŶ
ſŹǀřƱŶƿƱƺƀĩřƲƝŶƷƶŝŚƷƳŚĪƯŢſřǀƫŚºưŤůřƮƀƾŵƿźºĮ
ŝƶſōƩŚŞƳŵǀřŹōŜºƿƯƺţŚƳōƂºǀƱƺƀºĩōĨŚºƷƽŚºěƹǇŚºŝƿǀƲ
ƞŬƳŻƹŹƺƳźŤƧŵƵŵřŻƱřŹŚƨưƷƹ 
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ŚƋƿƵŻŚūřƶĩŢſřƶƘƽſŹƺŞƗǀƩŚƴĮůŚƳŻřŚƷºǀƶƽŚºƋƿƶƘřŹ
ƯƾƷŵŵƺŞƸŝŦƗŚŝƹŶƽŤĩźůƾƯƾŵƺƃÏÔƹÏÓřƿŚºŤƳƲƿŪ
ěǀƯŵŚƸƴƄƾƩƺƬſƶĩŶƴĩŚƷƽƴŝǀŵŚƽƫƺƟǀºƯƺºƯƩƺºĪƾŶºƴƳřƺţ
ŵƺŞƸŝŦƗŚŝƽſōǀƗŚŴƳŜƾřźŝŚƴŝŶƳƺƃƿřƲƿƩƺƬºſƲƶºŝŚºƷ
ŵƺºŞƸŝŢºƸūŽźŤºſŵŹŵƹīƺºƫƺţřƖŞƴƯƱřƺƴƗƽŚºƋƿšŚƘ
ƗŚŴƳƾſōƹǀŜŚƷƽŞƈƗƾƯƾŶƴƃŚŝ

ƽźǀĭƶŬǀŤƳ 
ƩƺƬſƽŚƷƽŵŚǀƴŝƺĪǀƫƺƟƩƺƯƾºƯŶºƴƳřƺţŦºƗŚŝƽŵƺºŞƸŝ
ŜǀſōƾƗŚŴƳŶƳƺƃƲƿřźŝŚƴŝƲºƿřƩƺƬºſŚºƷƶºŝƱřƺºƴƗƖºŞƴƯ
īƺºƫƺţřƹŹŵŽźŤºſŵŢºƸūƽŵƺºŞƸŝšŚƘƿŚºƋƾƗŚºŴƳƹ
ŜǀſōƽŚƷƾŞƈƗŵŚƸƴƄǀěƾƯƃƺŵ

ŶƤţƿƹźźĪƄţ
ƺƳƿºƯƭŻǇŵƺųźŝƶƫŚƤƯƱŚĭŶƴƀƾŹŚºĩźºſŻřƶºĩŶºƴƳřŵ 
ƷŚƳźŤĩŵƮƳŚųǀźŞƷŹŶƹŹƩŶƴƃŚƣōƽŵƺưŰƯŵƺƘƀƯźŤĩŵºƿƱŚ
ŚƌƗřƽƷǀŚưƬƗšƾĥƺƫƺĩŚƯŹŚƟƵƹźĭƽĪƃżěƭƺƬƗƵŚĮƄƳřŵƾ
ƱřźƸţŹŚºĪưƷƹšŶƗŚƀºƯźƏŚųƶŝƽřƭŚºŬƳřŹŵºƿƶºƘƫŚƐƯƲ
ƳřŵŹŶƣƾŚưƳƿŶƴ


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Electromyographic and Behavioral Changes after Transplantation of Hair Follicle Stem Cells 
into Rats with Spinal Cord Injury by Compression Model 
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Background and Objective: Spinal cord injury (SCI) has a high incidence rate in the world.  However, until 
recently, there has been no reliable treatment available for its sensory and motor complications.  Utilization 
of stem cells has opened new insights for treatment of SCI  Hair follicle stem cells (HFSCs) are multipotent, 
have high proliferative potential, and easily accessible.  Here, we isolated HFSCs and transplanted them to 
Rats with spinal cord injury by compression model. 
Materials and Methods: HFSCs were isolated from the bulge area of Wistar rat whisker follicles.  The SCI 
model was induced in 14 rats, and cultivated HFSCs were transplanted to the spinal cord lesion sites.  
Functional recovery was assessed by BassoBeattieBresnahan (BBB) scale and muscular activity changes 
were evaluated with electromyography (EMG) 8 weeks following the transplantation.  
Results: Behavioral assessments with BBB test showed that scores in transplanted animals were higher than 
the control group.  Functional recovery in the transplanted group were better eight weeks after 
transplantation (p=0.023) and BBB scores were 15.64 ±0.32 compared to 12.8 ±0.45 in the sham group.  
Moreover, the signal amplitude of the needle EMG records of the lower extremity muscles increased in 
transplanted rats. 
Conclusion: Our results show that transplantation of HFSCs to the site of SCI could be useful for repair and 
replacement of degenerated neuronal and glial cells. 
 
Keywords: Hair follicle stem cells, Compression model of spinal cord injury, BBB test, Electromyography, 
Bulge 
 
